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Abstract 
Red signal countdown timer can show drivers the time remaining until the onset of the green phase. Drivers waiting in the 
queue at the intersection are aware of the upcoming green phase start, and are likely to respond more quickly. Thus, 
countdown timer can influence the queue discharge characteristics in green phase. This study investigates how countdown 
timer affects the queue discharge characteristics of through movement during the green phase. Headway data was collected by 
watching traffic surveillance video of two signalized intersections in GuangZhou before and after the countdown timers 
installed. It was found that countdown timer had an impact on the saturation headway, reducing it by 5% above, so did the 
standard deviation of the whole headways. That makes a 5% above increase in traffic capacity of through movement. 
However, the effects on the first vehicle to sustain saturation headway were found to be trivial. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
Keywords:countdown timer;headway;queue discharge;queue discharge characteristics; signalized intersection; capacity   
1. Introduction 
It is generally believed that with the red signal countdown device, drivers can know the onset of the green 
phase and get ready for starting their car in advance, so that it may reduce the start-up lost time, decrease the 
saturation headway, and increase the saturation flow rate at the signalized intersections. However, there have 
been only a small number of studies investigating this behaviour, and the results are still mixed. Many scholars 
mainly focus on the impact of countdown timers on road safety and accident prevention aspects. Only a few 
researchers attempted to investigate the impact of the signal timer on the discharge of queued vehicles during the 
beginning of the green phase. Gong Xuexue (2010) studied the effect of countdown timers on traffic operation at 
signalized intersections. The study compared the changes of the headway of queue discharge at two different 
signalized intersections and therefore it could not exclude the interference of other factors like road condition and 
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traffic composition. Kidwai et al. (2005) analyzed vehicular discharge at a non-CBD intersection in Malaysia, 
before and after the installation of the countdown timer. The study found the unexpected result that the average 
throughput (in units of pcu/h) reduced after the installation, which contradicted the presumption of the 
researchers. However, the statistical tests performed show no significant difference between the ‘‘without timer” 
and the ‘‘with timer” conditions at a 95% confidence interval. T Limanond et al. (2009, 2010) conducted a 
before-and-after study of this type of device at an intersection in Thailand. They found that the countdown timers 
helped reduce the start-up lost time on the through movement and improve the flow of the through movement 
during the green phase, but it did not consider the impacts of countdown timers on the fluctuations of the 
discharge headways. Ibrahim et al. (2008) attempted to analyze the impact of the countdown timer on traffic flow 
by comparing the queue discharge patterns between three intersections with signal timers and three intersections 
without signal timers in Malaysia. Their graphical analysis showed that the mean headways for the first six 
vehicles in the queue at the intersections with countdown timers were less than the mean headways of the 
corresponding six positions at the intersections without countdown timers. The study concluded that the 
countdown timer had a significant effect on the discharge headway of the first six vehicles in the queue, though 
there was no corresponding statistical analysis used to prove the findings. In conclusion, studies of the impact of 
countdown timers on queue discharge patterns are scarce, focus on one geo-graphic area, yet produced mixed 
results. 
The objective of this research is to explore the effect of countdown timers on queue discharge characteristics 
of through movement at signalized intersections in Guangzhou. By ignoring the impact of pedestrian, data 
collections are carried out at signalized intersections in Guangzhou before and after the installation of countdown 
timers. Finally this paper analyzes the change of capacity, headway and saturation headway to figure out the 
impact of countdown timers on queue discharge characteristics. 
2. Methodology 
In general, vehicles wait in a queue before the stop lines when the light is red, as Fig.1 shows. After the light 
turns green, vehicles in the queue will start crossing the stop line and the discharge headway is the time that 
elapses between such consecutive vehicles. Fig. 2 displays a conceptual headway pattern of the vehicles in the 
standing queue when the approach receives a green phase. The first few vehicles in the queue generally take a 
few extra moments to think and react to the signal change before proceeding through the intersection. The 
headway of successive vehicles gradually decreases until it finally reaches a relatively stabilized interval through 
the rest of the queue. This stable interval is referred to the saturation headway. It is usually suggested that the 
fifth vehicle is the start of the saturation headway (Transportation Research Board, 2000), however, this variable 
strongly depends on many locality factors, such as driving culture, road condition and driver perception. 
 
Figure 1. Queue at a signalized intersection entrance 
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Figure 2. Headways of vehicles in the standing queue  
Some researchers studied the distributions of the discharge headway with their observed data, including 
negative exponential distribution, shifted exponential distribution, Erlang distribution, Pearson distribution, 
normal distribution, logarithmic normal distribution, Bunched index distribution and double shifted exponential 
distribution. They found that few models can accord with the measured headway, but the rest headways were 
found to accord with logarithmic normal distribution well when the researchers excluded the first headway (Jin, 
2009; Jin, 2009; Shao, 2003). This research does statistical analysis, depending on above studies. 
According to the Traffic Engineering (Wang, 2000), the capacity of through movement can be calculated by 
the formula as below: 
                                                                       03600 ( 1)gs
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where sC  is the capacity of through movement, T  is the signal cycle, gt  is the green time, 0t  is the average time 
from the first vehicle starting to crossing the stop line, it  is the average headway and  is reduction coefficient. 
In order to simplify the calculations and compare the effect of the countdown timer to the capacity conveniently, 
we set the value of 0t  to 0 and to 1. 
The saturation flow rate in this study was determined on the basis of the conventional approach, presented in 
the Highway Capacity Manual. This research utilized a series of the standard t-statistics tests, similar to previous 
studies of Joseph and Chang (2005) and Raksutorn(2004), to firstly identify the order of the vehicle in the queue 
that first sustains the saturation headway, then saturation flow rate can be achieved. The detailed procedure is as 
follows: 
Before using a t-test, let’s define that iH  is the mean headway of the ith vehicle in the queue from the 
measurements of a few signal cycles, which is estimated as: 
1
C i
ix
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where ixH is the headway of the ith vehicle in the queue measured from the xth cycle; ( )C i , the number of the 
signal cycles which have the ith headway. 
Then aiH  is assumed to be the average headway accumulated from the ith vehicle to the last vehicle in the 
standing queue of all ( )C i  cycles, and ( )q x  is the number of headways of the xth cycle. 
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For example, 1aH is the average headway of all vehicles in the standing queue (accumulated from the first 
vehicle to the last vehicle in the queue, estimated from a few cycles), or aH  refers to the average headway 
accumulated from the third vehicle to the last vehicle in the standing queue.  
The identification of the ith vehicle in the queue that begins to experience the stabilized headway follows the 
steps below. First of all, the average headway of the last two vehicles in the queue should be determined 
respectively, that is 10H  and 9H . Secondly, a t-test is used to check whether 10H  is statistically different from 9H . 
If yes, stop the procedure. If no, the eighth average headway 8H  and the average headway accumulated from the 
third vehicle to the last vehicle in the queue 9aH  should be determined. Then, again use a t-test to investigate 
whether 8H  is statistically different from 9aH . If yes, stop the procedure. If no, proceed to test whether nH  is 
statistically different from 1anH , where n=7,6,5,...,1 respectively. The procedure will be stopped when nH  is not 
statistically different from 1anH . Then, the (n+1)th vehicle is the first vehicle in the queue that sustains the 
saturation headway. 
When the nth vehicle has been identified, the saturation headway satH  and the saturation rate satQ  can be 
estimated as: 
1
a
sat nH H  
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3. Data Description 
3.1. Data Collection 
After an extensive survey throughout the city of Guangzhou, the Xingang Road/Ruikang Road intersection 
and Tianhe Bei Road/Tiyu Dong Road intersection are selected, showed in Fig. 3. Both intersections have a 
traffic camera fixes in an ideal position. Though the traffic flow and road conditions of them are different, there 
are enough vehicles in the queue with red light and most of the vehicles are cars. Moreover, the installations of 
countdown timers are known in advance so that their effect on the queue discharge characteristics can be studied. 
Experiments are carried at the same intersection to avoid any uncontrollable factors that could arise when two 
different intersections were analyzed. 
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a) The Xingang Road/Ruikang Road    b) The Tianhe bei Road/Tiyu dong Road  
Figure 3. Data collecting scene 
The study particularly focuses on the through movement on the northbound approach along Xingang Road 
and the northbound approach along Tiyu Dong Road. The former approach comprises of one left-turn lanes, four 
through lanes and one right-turn lane and the other approach comprises of one left-turn lanes, three through lanes 
and one right-turn lane. The intersections are equipped with countdown timers for all of the four approaches. The 
data were collected during the rush hours on weekday, November 1st to November 3rd before installing 
countdown timer and December 6th to December 8th after installing. Time period was evening peak 
(15:30~17:30) at the Xingang Road/Ruikang Road intersection, peak day time (7:30~9:30) and peak night time 
(15:30~17:30) at the Tianhe bei Road/Tiyu dong Road intersection. 36hrs’ raw video data were collected in same 
weather. 
The headway data were collected artificially with these raw data. In order to study conveniently, headway 
data are collected from one of the through lanes of those two approaches respectively. Meanwhile, the time 
between the onset of the green phase and the front bumper of the first vehicle crossing the stop line is not 
considered. The time between the first vehicle and second vehicle crossing the stop line is regarded as the first 
headway, and so forth. 
3.2. Data Processing 
Two main aspects are taken into consideration to process raw data. Firstly, the observation cycles that contain 
some kinds of disturbance are eliminated, including interference from adjacent lanes, interference of pedestrian, 
lane changing when queue discharging and long-time stay of vehicles. Secondly, effect of timing error caused by 
the camera positions, observation angle and reaction time are eliminated by 3  rule. Table 2 shows the statistical 
result of headways after error processing. It is found that the traffic flow mainly consists of small vehicle, so the 
observation cycles which contain large vehicles are no more eliminated here. 
Table 1. Statistical result of headways   
 
Xingang/Ruikang Tianhe Bei /Tiyu Dong 
Peak night Peak day Peak night 
Without timer With timer Without timer With timer With timer With timer 
Sample size 625 583 768 637 809 525 
Mean(s) 1.73 1.63 1.78 1.60 1.79 1.71 
Std dev 0.61039 0.50779 0.78086 0.57293 0.71912 0.65036 
Large vehicle% 7.098% 2.842% 4.117% 6.726% 4.084% 3.622% 
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After pre-processing with two rules above, the headways are tested in Shapiro-Wilk Method with logarithmic 
transformation and the results are shown in Table 2. It illustrates that the pre-processed data are in keeping with 
logarithmic normal distribution. 
Table 2. Logarithmic normal test result of headways 
Sequence of headway 
Xingang /Ruikang Tianhe Bei /Tiyu Dong 
Peak night Peak day Peak night 
Without timer With timer Without timer With timer Without timer With timer 
1 0.322 0.449 0.068 0.178 0.937 0.065 
2 0.116 0.175 0.337 0.411 0.961 0.112 
3 0.050 0.407 0.112 0.061 0.186 0.094 
4 0.121 0.458 0.565 0.284 0.088 0.065 
5 0.502 0.568 0.056 0.171 0.056 0.709 
6 0.734 0.088 0.050 0.056 0.557 0.442 
7 0.452 0.117 0.052 0.154 0.098 0.181 
8 0.063 0.349 0.139 0.051 0.668 0.050 
9 0.050 0.086 0.050 0.758 0.162 0.257 
10 0.480 0.555 0.178 0.219 0.240 0.059 
4. Results 
4.1. Effects of Countdown Timer on Capacity 
The capacity of through movements is calculated by equation (1). Table 3 shows the comparisons of capacity 
of through movements in three situations during the rush hours. It is found that capacity is improved after the 
countdown timer installed, more than 5% on average. Meanwhile, changes in capacity of both two intersections 
are similar at evening peak hour, while the capacity of Tianhe Bei Road/Tiyu Dong Road intersection changes 
significantly at peak day time. This time variation can be explained that queuing drivers are generally forced by 
time constraints at peak day time, so they intend to arrive at their destination within the quickest time possible. 
Thus, they are likely to be affected more easily by the countdown timer while proceeding through the intersection. 
Table 3. Comparisons of capacity in three situations 
 Xingang /Ruikang Tianhe Bei /Tiyu Dong 
 Peak night Peak day Peak night 
 Without timer With timer Without timer With timer Without timer With timer 
Cycle(s) 120 120 170 170 170 170 
Green Time(s) 60 60 90 90 90 90 
Mean headway(s/vehicle) 1.73 1.63 1.78 1.60 1.79 1.71 
Capacity(vehicles/h) 1043 1105 1093 1212 1083 1139 
Difference(vehicles/h)  62  119  56 
Reduction% 5.90% 10.91% 5.10% 
4.2. Effects of Countdown Timer on Mean Headway 
To further explore the impacts of countdown timers on individual vehicles in the standing queue, the paired 
individual headways between the conditions with and without timers were analyzed, as summarized in Fig. 4, 
Table 4 and Table 5. 
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c) Tianhe Bei Road/Tiyu Dong Road (Peak night time) 
Figure 4. Comparisons of headways in three situations 
Fig. 4 illustrates that headways change more stably with the change of vehicles’ order in the queue after 
installing countdown timer than before that for three situations. That demonstrates that headways are less 
fluctuated under “with timer” condition, which is confirmed by the result of statistical analysis. As Table 4 shows, 
after installing, standard deviations of headways are reduced by more than 9%, while that of the Tianhe Bei 
Road/Tiyu Dong Road intersection reaches 26%. It turns out that the effects of countdown timer on queue 
discharge characteristics are significantly time-varying. Table 5 implies that the first headway of the discharge 
vehicles on the through movement reduce significantly with the installation of countdown timers. The reduction 
of headway is more than 0.2s. It demonstrates that the countdown timer affect the first two vehicles in the queue 
significantly. The impact, however, quickly dissipates on the third vehicle, and is further reduced for subsequent 
vehicles. 
Table 4. Comparisons of headway standard deviation in three situations 
 Std dev Reduction% Without timer Without timer 
Xingang /Ruikang Peak night  0.61039 0.50779 -16.81% 
Tianhe Bei /Tiyu Dong  Peak day  0.78086 0.57293 -26.63% Peak night  0.71912 0.65036 -9.56% 
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Table 5. Comparisons of headway decrease in three conditions 
 
Difference of first 
headway(s) 
Max difference of other 
headways(s) 
Min difference of other 
headways(s) 
Xingang /Ruikang  Peak night  0.4 0.26 0.01 
Tianhe Bei /Tiyu Dong Peak day  0.65 0.23 0.01 Peak night  0.21 0.17 0.03 
4.3.  Effects of Countdown Timer on Saturation Headway 
Based on the queue discharge pattern suggested in the Highway Capacity Manual 2000, the authors used the 
statistical t-test to determine the order of the vehicle in the standing queue that first sustains the saturation 
headway using the five-step process described earlier. The results are summarized in Table 6.  
Table 5. Comparisons of the order of the vehicle first sustaining the saturation headway state 
 ith vehicle to first sustain the saturation headway state 
 Without timer Without timer 
Xingang /Ruikang Peak night 3 4 
Tianhe Bei /Tiyu Dong  Peak day 5 6 Peak nigh 4 5 
 
In these three situations, up to 4 or 5 vehicles pass through the intersection before the saturation headway 
state emerges for the ‘‘without timer” condition, while the saturation headway condition begins from the 5th or 
the 6th vehicle through the intersection under “with timer” condition. This result shows that the installation of the 
countdown timer appears to have little or no impact on the order of the vehicle in the standing queue that first 
sustains the saturation headway, contrary to popular belief. It demonstrates that effect of countdown timer on i 
value is influenced by road environment, driving behavior and vehicle composition, etc. 
 
Table 6. Comparisons of saturation headway and saturation flow rate 
 Xingang /Ruikang Tianhe Bei /Tiyu Dong 
 Peak night Peak day Peak night 
 Without timer Without timer Without timer With timer Without timer With timer 
Saturation headway 
(s/vehicle) 1.62 1.53 1.51 1.40 1.58 1.51 
Saturation flow (vehicles/h) 2223 2353 2389 2567 2282 2392 
Reduction%  5.85%  7.44%  4.84% 
 
Table 7. Results of t-tests checking the significance of the difference in the saturation headway 
 Saturation headway (s/vehicle) t-Stat. p-Value Variance different?a Without timer With timer 
Xingang /Ruikang  Peak night  1.62 1.53 2.641 0.008 Yes 
Tianhe Bei /Tiyu 
Dong  
Peak day  1.51 1.40 2.290 0.022 Yes 
Peak night  1.58 1.51 1.829 0.038 Yes 
a Results from Levene’s test for equality of variances at 95% confidence interval. 
 
As Table 7 shows, the saturation headway decrease from 1.62s/vehicle before the countdown timer installed 
to 1.53s/vehicle after the countdown timer installed at Xingang Road/Ruikang Road intersection during peak 
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night period, and from 1.51s/vehicle to 1.40s/vehicle before and after the countdown timer installed at Tianhe Bei 
Road/Tiyu Dong Road intersection during peak day period, and form 1.58s/vehicle to 1.51s/vehicle before and 
after the countdown timer installed at Tianhe Bei Road/Tiyu Dong Road intersection during peak night period. 
And thus the saturation flow rate improves by about 5% for all these three conditions. This is logical given that 
the drivers do react more quickly when the queue begins to move with countdown timers, so the average velocity 
at the time vehicle crosses the stop line increases. Table 8 illustrates that there is statistically significant 
difference between the saturation headways and flow rate for periods where countdown timers were in use and 
periods without countdown timers. That means the installation of countdown timer is uncertain to make the 
traffic flow on the through movement of intersections reaches to the saturation headway condition more quickly, 
but it make saturation flow rate increase, so as the capacity of intersections. Meanwhile, the effect of countdown 
timer on the saturation headway also has time variation. 
5. Conclusions 
This study investigated how countdown timer affects the queue discharge characteristics of through 
movement during the green period. Headway data was collected by analyzing the traffic surveillance video of the 
Xingang Road/Ruikang Road intersection and Tianhe bei Road/Tiyu dong Road intersection in GuangZhou 
before and after the countdown timers installed. The comparison of queue discharge characteristics with and 
without countdown timers yields three interesting implications.  
Firstly, the countdown timers helped reduce the first headway of the discharge vehicles on the through 
movement significantly: the mean first headway for the periods with countdown timers was consistently less than 
that those for the periods without timers for all three study situations. The reduction of headway varied from 0.2s 
to 0.7s. It demonstrates that the countdown timer notifies drivers in the standing queue the exact time of the green 
onset, so that drivers anticipate and react to the phase change without much delay, particularly the first two 
vehicles in the queue. But this kind of effect dissipates on the third vehicle, and is further reduced for subsequent 
vehicles. Meanwhile, the countdown timer also decreased the headway fluctuation of vehicles in the queue, with 
the standard deviation reducing by 10% to 25%. 
Secondly, the countdown timers do not have notable effect on the order of the vehicle in the standing queue 
that first sustains the saturation headway. However, the saturation headway reduces and the saturation flow rate 
increases by about 5% to 10%. And also the capacity of the through movement improves by about 5% to 10% 
after the countdown timers installed, similar to saturation flow rate but a little higher. 
Thirdly, the effect of countdown timer on queue discharge characteristics has time variation. The effect is 
more significant during the peak day time than the peak night time. It may can be explained that during the peak 
day period, for the reason of time constraints, the drivers intend to arrive at their destination as quickly as 
possible. It makes them more easily affected by the countdown timer while proceeding the intersection. 
Further study will make a distinction in vehicles’ types to analyze the effect of countdown timer on different 
combination of several types of vehicles, such as truck and bus. In addition, deeper analysis to compare effects of 
different lanes should be done by obtaining headway data of left-turn, right-turn and turn-round lanes from traffic 
surveillance video. Finally, more indexes should be added to analyze the effect of countdown timers on traffic 
flow of signalized intersections thoroughly.  
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